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Summrv

Since the successful development and testing
of a radio-frequency quadrupolt? (RFQ) prototype at
Los Al-s, the use of RFQs as injectors to the
CfRN linacs is being envisaged. As d pilot pro-
ject, a 202.56-WIZ RF(I for Linac 1 (010 Lindc) Is
being built in close collaboration between Los
Alanc)s dnc CERN. we intend to conplete this pro-
ject in about 15 MMthS, a tim scale imposed by
other CERk progrdms. lhe CEtlk RF(i IS based cn the
Los Aldms proven design approach, but will have
to wet requlremtnts of the twisting CfRN erlviron-
nwt. The design chdrdcterlstics of this acceler-
dtw dre descrloea, and scmt conclusions based on
model work ~t CEI?M are gfven.

● -
lntroduc’ ion

lhe successful proof.cf-principle test of ~n
iiFQ dt Los Aldmos, l-’ dnnodnced dt the 1980 lnter-
ndtiondi Accelerator Conference, ● WG; the trigger
for launching d COlldbOrdtlOn between CERN anU Los
Aldm05 on this proJect. The aim of this joint
development effort 1s to Ceslgn and build dn RFG
ds a predccelerator for CERN’S Llndc [, where it
hdS to fulfill the Strlnqent requirements gCfIL!rdlly

lUpOSwY on dn Injector. k nape thdt this proJect
call be tdken ds a Inoacl for dn RFQ thdt can Idter
rcpldce the 750-kV Cockcroft-kdlton dM the ‘J-.
energy &dm transporL on Llndc II. III general, it

WUIO serve to refine and to further test the va-
Iiaity of the design techniques, ana would provide
the CERk staff with insight that COUIO be usefui
for future potentidl applications for the RF().

Description of The Project

The schematic Idyart cf the CEkfN RFf) project
is shown in Fig. 1. A low voltage, 50 kv, has been
chosen for the low-energy beam trdnsport to sire.
plify the high-voltdge lnstalldtion. Two solenoids
suffice to focus d rotdtiondlly symmetrical Deam
Into the rotationdl!y s~tric transverse RFQ
dcceptafue.

The high-voltdge beam Crdnsport is at 520 keV,
the inJertlon energy of the CElik Linac 1. Tne con-
struction Of the first Alvdrez tdnk (Sepdrate vdc-
um vessei drouno the dctudl rf structure, am ho
quaarupole in the first hdlf-arift-tube) is an in-
convenient drrdngenwnt rot the RF(), which non:dlly
;houlc be brought within a distance of a few centl.
meters of :he rf structure. This h~ing Impossible,
d 520-keV trdnsport line, c~rlsing three quadru-
po]es And a buncher (or ‘mdtching cavity=), hd~ tn
be designed.

The rf power Is fed directly into on~ of thr
kfF()’S intWVdne \pdC@S. Movdble bulk tuners III
dl] four Qumirdnts insure the tuning. The vane
nvx’ul~tion hdS been COqMett anu they are being
md:hlnea at LoS Aimos.

Fig. 1. Schfmatic layout.

W pwforllFf-’ imder the auspices of the Us
Uapdrtnmt of Energy and CEftN.



No steering elements are included in the setup.
The RFQ and the 52@keV bedm transport will be
aljgned on the Alvarez tdnk. The steering will be
achieved by IWChaniCdl adjustment of the source
dnd the 50-keV transport before mounting them on
the RFQ.

~

The CERli RFQ hdS to be installed on dn exist-
ing Alvarez linedr decelerator; hence, some coP-
strdints are Put on the choice of pdrdmeters. The
RFQ should be designed for d 202.56-MHz frequency,
d 520-keV output ●nergy, dnd an-10MW bem lnten-
sitym Furthermore, the RFQ should give a high
C?otbre ●fficiency, a limited emittance growth, and
relidble Operdtion. The design, proposed by LOS
Ala..ms, follows the usudl concept of diviaing the
RFQ in sections; becduse of the relatively low
final energy, the ldst (accelerdcing) section has
been mitted, so that only the rddidl matching sec-
tion, the shaper, and the gentle buncher remdln.

Precautions must be taken with respect to maxi-
1~ eiectrlc fields in the RFQ. To ccmpute the
enhancement of the electrlc iield Cdused by vane
modulation, a specidl Ccnqxtter progrm has teen
developed CdpiJb]e Of treating three-dlmensiGnal
field problems. With the condition thdt ~~d~

c 1.75 times the Kilpdtrick IiIaft (-25.7 MV/m), the
pdrdmters given In Tdble I halve been established
for the CEffh RFI).

Bedm Transport dnd watching
PreinJectcr and 50-keV Trdnsport: A CEkH duo-

Dldsmatlon ion source, slightly mooified, Is used
&lth a 5D-kV dc dccelerdt{ng column. The three-
electrxie colmn also provicles s- focusing and
scr”’eming dgainst bdckstredming electrons.

Because the be~ is rotationally s~trical
dt the colImm OUtp,Jt, dncl should be SO dt the RFQ
input, quddrupo]e lenses were found to be inconven-
ient for thic region. The high bcdm intensity al;o
made the use of electrostatic lenses i~rdctical;
fin~lly, solenoids were chosen. The higil fields
unupclleu one to treat iron sdturdtion, in dcfdi-
tion to doerrdtlon problems. A c~romise design
resulted in d pulsed solenoid with lamindtcd-iroll
return yoke; the central field on dxis approdchcs

1 T, the ●ffective length being ‘1O cm. Figure 2
shows the bedm evolution from the ion source to
the RFQ.

The 520-keV Transport: Three quadrupol?s and
d matching cdvity dre necessary to bring an dcLept-
able beam into the Alvdrez. In the Alvdrez, the
first four quadruples c~lete the transverse
matching, so thdt the bedM 1S mdtched into the
!inac’s transverse acceptance from the fifth cell
Onwdrds (see Fig. 3). Longitudinally, we cannot
avoid a slight mismdtch; this mismdtch probably
will nnt be too harmful. Furthe-re, the rela-
tively ldrge distances between the tdnkS of the
Linac I constitute other undvoiddble sources of
longitudinal mismatch. For the MOWnt, some bedm
losses will be to}er~”ea in Tank 1, beckse the
required grddients for the first and third qudoru-
poles (73 and 60 T/m, respectively) dre out of
reach of the present mdgnets.

The rf Aspects

Two awaels have been built for the e~peri-
mental study of the tuning pFocess: d rough approx-
imately hdlf-scdle reck-up, and a one-to-one aot~l
of high precision and rigidity (Fig. 4A). Tests
have been done on the ldtter, kith a Sinqle Unmd+
ldtea vdne isolated by d roof-shdpec shielo at the
synrWry Fldnes of the Quadruple mode (Fig. GE).

DISTANCE (CM)

FICJ, 2. hMII CIWC1OPCSfOr 50-kt?l’ bCd~ trdllSl)Of”f.

TAUIE I

CUtN RFQ

Ion: proton
rrequen~y: 202.56 F9iz U(mev) 0.05G 0.050

~~(mvnd)
0.075 a,~?(l

5.0 24.9 24.9 ~d,~
ilA~~[Q ~~suLTs m
Tiiiput currwlt7100nVI

1.129 7.1!)?
a(mn) :;: ;:$ 6.40 4,?1

OutPutcurrenL: tt9 IIM ro(~) 29mLl 6.7Lt 6.?U 6.711

Ilwt (90 ): 0.060 es(m) -. -90.0 -73.1 -30.0
Outpu: (90 ): 0.20 K (mV/m) o 0 f).5u 7, 5(,
Inl)ut (m-): 0.017 V?kV ) lul lufl 1o11 101)
output (tnls): O.(M3 u 5.5 5.5 5.5 5.5

L(cm) o 3.1 63.7 lJU.?

alllu ~ittan~~s arc n~rmalizcd va;U(lS dlld drC to h! ~lltiplil’d by w to nilttl ill tilu ollipsl’ fir(’11 Ill
cm-mad units.
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Fig. 3. Beam at injection Into Alvarez.
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Fig. 4, FU1l-SCdld Mode] a) with four vanes
mounted b) wfth single isolated vdne.

Let 01, 62, and em represent the dxidl mdg-
nctfc flu~ (or fnterchangcably, a tpansvcrsu elec-
tric field quantity) at Ends 1, 2, Ind in the ccn-
tw of the vanu section. If the rula!ive IoPdfl,g
of the tw cnd cells tS Mdiflcd sc that the over-
all rusonant frequency remains constdnt, the Ilncdr
tilt (.1/OZ) can be Wt to any drbltrary V?lUC;

hwuvcr, the nonllncdr tcln [2~/(01 + fq)-1]--thtt

IS, the relative ftcld dwfatlun frfmrI lin@arity fn
the mtudlu --wmdins cssuntfally unchdngud. Itepcat.
Inq the test dt dfffurcnt frcrtucncics. and with
different cnu..cull gc~’trfcs, Icdds to curve} such
ds Ftg. 5: thu WI]ilu!dr term Is Mro only at d
pdrtlcular frequency, which Wwrds slightly on tlw
Shdp@ Of th! Clld cull. (JJf!ratlnq dtrovt! this fre-
quency leads tr increasingly convex Iungitudlntl
flcld (Ilstrfbutlons; opcrdtlng bclcw thli fruqucncy
lCWS to tncrudsingly COIICWP %hapCS.

Thft ochaviur call bc fnteprcteu as t!lu re
b’nt!d acttun of twu effects.

● h SOl(~ly Vallc-drpcndwlt pdrt drtwmint’s d
unique frequency for thu zero of the nonlinear

-.—-
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Fig, 5. Honlinear term versus frequency.

term, and Its slope, la this region. This
frequency is the cutoff, or zero-order fre-
quency of the vdne geometry dnd may be cdlcu-

Iated by codes such as “SUPERFISH.” The slope
reflects the structule’s redctlon to d~luning
and MSOCldted reaCtive-pOwer trdnsfer.

. A higher mode part accounts for dlffer?ncts
in the field pattern bf the Intervdne space
and the end pieces. The higher males, created
at the ends, tend to reinforce, o; to cdncel,
the already existing nonlinearity and Cduse
the observed frequency spread for vdnishing
nonlinedrities around the un i ~ue cutoff
frequency.

The RFQ will be tuned as follows.
●

●

The ena cells dre permanently tuned by movdble
or exchangeable Ir.serts in d cutout dt the
bdse of the vane elds. The distance of the
ca+ity endplate trom the vane tips is 10 to
15 m; at tndt distance, the influence on Lhc
tuning is mi ‘real.
In the tanu rpg$on. each auadrant contdins
two bulk tuner; (d tOtdl ‘of 8) thdt dre
adjustable dur!na operation. Two ruus of five
didgnost:c hulcs per ouddrdnt, vdruum sealed
by glass tubes, wfll pctnrlt continuous mumi-
toring.
The rf pouer will hc fed dir~ctly, by a sin-

91c loop, into one quacrant; howevrr, dd@ittOndl
fldngcs drc provldtd to feecJ cdch quadrdllt, if
ncccssdry. Oesp!te Its many dttractl~c features,
thu rf mmifold Ild$ ttot been included in ttw
design; the l“eldtlvcl..~ larqc outrr Olamrtcr of the
cdvity did not pcnnit .“sufficiently wide manifold
to IN added, wlLnout cltngrr of running into circuw-
fqrent~a] modu pr~bl~sm

Mchdnfcal snytnccrin~dnd bdcuum—. . —.
The RF(J cavity sno vdnns arc mado of mild

$trel, clec:rolytically ~oppcr plotcd. TIIO VdllC$
drr supported at three p>lnts idsld~ thu Cdv!tj,
so that tlu!y can be ali!llled without Iritrf)ducinq
Ucformatloni in clthcr tht cavity WJII or in Lhc
Vdnes.

The wholt! dswmbly, from prulnjcctor U, thr
matching cdv~ty, IS nwntcu m a cunvnun unacrfram;
thfs franc is suplturtcd ut tllra? I)otnts hy lou-rdtc
flc~lbl~ springs to rcmwc a Idrgu Imrtion of thr
bundlrtg nmrwnt frunr the uxiitlng Alvflrl!l !ank w
which Mu Nrustructuru must 1P ~iyfdly ffxvd,

.. . . .-



Cavity-vane COnneCtiOt?S, both electrical and
thermal, are made by using flexible copper strips
that are welded dfter vane assembly, before find!
alignment and initial rf tuning. The whole struc-
ture is wdter cooled through tubes glued to both
main fliinges of the cdvity.

The nominal pressure throughout the system is
10-7 torr. ;F.e preinjector is equipped with two
turbomolecular pumps of 500 E/s, the cdvity with
three ion pumps of 500 C/s, and one turbomoleculdr
punqI for roughing. Aluminum seals are used on all
joints except on the preinjector, where rubber
seals are used.

StdtUS dnd Gutlook

The pdtdmeters halve been frozen; sow ccmqlo-
nentS have been ordered, dnd d few have been deliv-
ered. Bedm measurements are @~eCtcd to begin
later this yedr: first using only the ion source
dna the 50-kV extraction, dnd ]dter with the sole-
nuias in place. & plan to have the bedm mdsure-
Xrents at the 520-keV level finist%d by Mdy 198?,
so that Lhe beam can be obtained fronl Lindc I by
h~y 1982.

,0 BeCduse it may turn out that alpha beams are
requestea fran Linac I for ISR operation, It is
imperative to allom for quick disassembly of the
RFCI dnd ‘or reinstallation of the Cockcroft-ualton.
Later requests for alpha bedms, or @ther lignL
ions, may req.lire another RFQ injector with d quick
changeover fdcillty for alfferent pdrlicles.
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